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METHOD AND APPARATUS FOR OVERCHARGE PROTECTION 
USING ANALOG OVERVOLTAGE DETECTION 

Technical Field 

The invention relates generally to energy-based systems, and in particular to a 
5 method and system of an overcharge protection circuit for a multi-cell battery pack, 
such as a lithium battery pack. 



Background of the Invention 

Various portable devices and appUances, such as cellular phones, require 

10 rechargeable batteries. Various types of rechargeable batteries are known to be used 
in such applications. For example, nickel-cadmium (NiCd), nickel metal hydride 
(NiMH) and lithium ion batteries are known to be used. Due to the different charging 
characteristics of such batteries, different battery chargers are required. For example, 
lithium ion batteries require constant current charging up to a certain voltage value 

15 and constant voltage charging thereafter. This constant current charging however may 
create what is referred to has an overcharge condition. One characteristic, however, of 
lithium chemistry batteries is that it has less tolerance to overcharging than other 
battery technologies. Excessive voltage may damage the active materials. In addition, 
overheating may occur as a result of prolonged overcharging of a battery causing the 

20 temperature of the battery to increase to an unacceptable level, possibly causing 
damage. 

To address this problem, various battery protection circuits have been 
developed that limit charging to reduce the possibility of overheating of the battery 
cell. For example, a thermal protection circuit will disable the battery charging system 
25 when a maximum, threshold temperature is reached. Thermal detection is not a likely 
candidate for lithium batteries however, because heat generated by charging lithium 
batteries may follow overcharge, rather than heat generation preceding the overcharge. 
Therefore, a thermal protection circuit for a lithium battery is unpredictable and 
xmreliable. 

30 Another overcharge protection alternative is to utilize software based systems 

to limit charging times to reduce the possibility of overheating of a battery pack. 
These software systems monitor the battery pack voltage level and terminate fast 
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charging when the battery pack reaches a preselected voltage level, for example 80 
percent of the desired voltage level. Once the battery reaches this preselected level 
(percentage) of the desired voltage, rapid charging is terminated and a timer is enabled 
that allows trickle charging for a fixed period of time. There are disadvantages to this 
5 approach. For example, such software systems are imreliable as inaccurate readings 
can sometimes occur. 

It is, of course, known to provide a charge control circuit (e.g., a battery 
control unit - BCU) that monitors and controls the charging of individual cells of a 
multi-cell battery pack. Shortcomings of such systems include their relatively high 

10 cost as well as their complexity, which rely on software with the characteristics noted 
above. Significantly, when the BCU fails for any reason to control charging as 
expected, the battery pack may suffer irreparable damage. Even an "overshoot" in the 
charging due to loss of control of the charging process could be catastrophic. 
Conventional approaches do not provide robust backup protection mechanisms in the 

1 5 event the BCU fails. 

There is therefore a need for an overcharge protection circuit that minimizes or 
eliminates one or more of the above-identified problems. 



Summary of the Livention 

20 An object of the present invention is to solve one or more of the problems as 

set forth above. One advantage of the present invention is that it provides backup 
protection of the battery pack to prevent damage or failure due to overcharging, for 
example when a main control circuit fails. The present invention thus allows lithiiun 
battery applications, which have a greater intolerance to overcharging, to be used in an 

25 a wider variety of technologies, while eliminating extra circuitry and/or structure 
previously necessary to dissipate heat due to overcharging. 

These and other features, objects and advantages are realized by the present 
invention, which includes a method of providing an overcharge protection circuit for a 
battery pack including the steps of determining a voltage level at the battery pack and 

30 automatically disconnecting a charging signal firom the battery pack when a battery 
pack voltage level is reached. The present invention provides an important backup 
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mechanism, when, for example, a primary control such as a BCU fails to control a 
charge control signal. 

A system according to the invention is also presented. 

5 Brief Description of the Drawings 

The present invention will now be described by way of example, with 
reference to the accompanying drawings. 

Figure 1 is a simplified schematic and block diagram view of a battery pack 
according to the present invention, in an exemplary embodiment. 
10 Figure 2 is a circuit diagram showing, in greater detail, a overcharge protection 

circuit of the battery pack shown in Figure 1. 

Figure 3 A is a waveform graph illustrating outputs of a battery pack voltage 

level. 

Figure 3B is a graph illustrating the relationship between the battery pack 
15 voltage level and time. 

Figure 4 is a flow chart diagram illustrating a method in accordance with the 
present invention. 

Detailed Description of the Preferred Embodiment 

20 Referring now to the drawings wherein like reference numerals are used to 

identify identical components in the various views. Figure 1 is a simplified schematic 
and block diagram view of an inventive battery pack 10 according to the invention. 
The present invention provides an important backup protection mechanism where a 
primary control, for example, a battery control unit (BCU), fails to control the 

25 charging as desired. The present invention is adapted to establish a selective trigger- 
activated control over the recharging process so as to minimize or eliminate 
overcharging conditions. The following description relates to a preferred 
overcharging protection circuit, capable of monitoring for the presence of an 
overvoltage condition at the battery pack. 
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In the illustrated embodiment, battery pack 10 includes one or more battery 
cells 12, a voltage sensor 14, at least one current sensor 16, a protection circuit 18 and 
a battery control unit (BCU) 20. 

Cells 12 are configured to produce electrical power, and are also configured to 
5 be rechargeable, for example by receiving conventional electrical current, which is 
monitored by current sensor 16. The recharging current may be fi-om either charger 22 
or fi-om a machine (not shown) operating as a generator. Cells 12 may comprise 
conventional apparatus according to known battery technologies, such as those 
described in the Background, for example, NiMH, PbA, or NiCd, or the like. In a 

10 preferred embodiment, however, cells 12 comprise cells formed in accordance with 
various Lithium chemistries known to those of ordinary skill in the energy storage art. 
In the illustrated embodiment, cells 12 may be arranged to produce a direct cxurent 
(DC) output at a nominal level (e.g., 80 volts at 100% of full state of charge). It 
should be understood that the foregoing is exemplary only and not limiting in nature. 

15 Voltage sensor 14 is configured to detect a voltage level and produce a voltage 

indicative signal representative of the detected voltage. In one embodiment, one 
voltage sensor 14 is provided to detect the overall output voltage of the combination 
of cells 12. However, in an alternate embodiment, sensor 14 may comprise a plurality 
of sensors, one for each cell 12, and provide a corresponding plurality of voltage 

20 indicative signals. Voltage sensor(s) 14 may comprise conventional apparatus known 
in the art. 

Current sensor 16 is configured to detect a current level and polarity of the 
electrical (conventional) current flowing out of (or into) the battery pack and generate 
in response thereto a current indicative signal representative of the detected level and 
25 detected polarity. Current sensor 16 may comprise conventional apparatus known in 
the art. 

Figure 1 also shows an electrical battery charger 22, including in exemplary 
fashion a conventional electrical plug 24 for connection to a wall outlet (not shown) or 
the like. Charger 22 is configured for charging (or recharging) battery pack 10. 
30 Charger 22 may have an input configured to receive a charge control signal, such as a 
charge termination signal, on control line 26 fi-om battery pack 10. The charge 
termination signal line 26 is configured to cause charger 22 to discontinue charging 
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battery pack 10 (i.e., to stop charging), for example, when the battery pack 10 has 
been charged to a preselected voltage level according to the invention. Charger 22 
may comprise conventional charging componentry known to those of ordinary skill in 
the art. Charger 22 may further include a power charging output on power line 28 
5 configured for connection to battery pack 10 for charging (or recharging) the battery 
cells thereof The power charging output of charger 22 is coupled to cells 12 by way 
of a switch 32. 

Protection circuit 18 is configured to automatically disconnect the power 
charging signal being produced by charger 22 from the battery pack 10, particularly 
10 the cell 1 2 thereof, when a voltage level associated with the cells reaches a preselected 
turn-off threshold voltage level. Circuit 18 includes a comparator block 30 and a 
switch 32. 

Comparator block 30 is configured to monitor and process an output from 
voltage sensor 14 and determine when a battery pack voltage level (Vpack) exceeds a 

1 5 preselected battery pack threshold Tum-Off level (V toff) or when the battery pack 
voltage level (V Pack) has declined to a preselected battery pack threshold Turn-On 
level (Vton). During start up when the battery pack voltage level (Vpack) may be below 
either of these thresholds, the block 30 generates a switch control signal, which is 
provided to switch 32. When the battery pack voltage level (Vpack) exceeds (e.g., due 

20 to excessive charging) the tum-ofif level, it discontinues generation of the switch 

control signal, which is provided to switch 32. When the battery pack voltage level 
(Vpack) has declined from the turn-off level to the turn-on level, the switch control 
signal is again generated by comparator block 30. 

Switch 32 is responsive to the switch control signal generated by comparator 

25 block 30. When the switch control signal is generated (asserted) by comparator block 
30, switch 32 is configured to conduct power from charger 22 destined for cells 12 
(through, for example, current sensor 16). However, when the switch control signal is 
discontinued, switch 32 responds by disconnecting the cells 12 from the power 
charging line output from charger 22. Switch 32 may be a Metal Oxide 

30 Semiconductor Field Effect Transistor (MOSFET) or other conventional apparatus 
known in the art. 
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With continued reference to Figure 1, Battery Control Unit (BCU) 20 is 
configured for controlling the overall operation of battery pack 10, including the 
charging/recharging operation as well as any adjustments to a pre-determined charging 
strategy associated with battery pack 10. BCU 20 may include a charge controller 34, 
5 a memory 36, and a central processing unit (CPU) 38. 

CPU 38 may comprise conventional processing apparatus knov^oi in the art, 
capable of executing preprogrammed instructions stored in memory 36. In this regard, 
memory 36 is coupled to CPU 38, and may comprise conventional memory devices, 
for example, a suitable combination of volatile, and non- volatile memory so that a 

10 main line software routine can be stored and yet allow further processing of 
dynamically produced data and/or signals. 

Charge controller 34 is also coupled to CPU 38, and to protection circuit 18. 
Controller 34 is configured so as to allow CPU 38 to set a charge termination voltage 
such that when the actual voltage level fi-om the battery pack 10 exceeds the set charge 

15 termination voltage, a charge termination control signal is generated on line 26. This 
charge termination control signal is operative to shut down external charger 22, as 
described above. Charge controller 34 may be configured as a separate unit or circuit, 
as illustrated, or may be implemented in software executed on CPU 38. 

Charge controller 34 is fiuther configured to provide threshold voltage levels 

20 to protection circuit, namely, the preselected battery pack threshold Tum-Off level 
(Vtoff) and the preselected battery pack threshold Tum-On level (Vton)- This two 
voltage levels estabUsh a hysteresis band in which the battery pack output voltage 
level is controlled, as described more fiiU below. 

Figure 2 is a schematic diagram showing, in greater detail, the comparator 

25 block 30 in protection circuit 1 8. As described in the Background, should the BCU 
lose control of the charge termination control signal 26, catastrophic results would 
occur to the cells 12 of the battery pack 10. Protection circuit 1 8 is configured to 
provide an important back-up protection mechanism to prevent such overcharging in 
the event BCU malfimctions and/or fails. Protection circuit 18 is configured to 

30 monitor and compare battery pack voltage levels independent of the external battery 
charger 22. Protection circuit 18 is adapted to work in conjunction with conventional 
battery pack charging systems and provides an additional level of battery pack 
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protection in order to protect against operating conditions which can reduce or damage 
battery pack life. Comparator block 30 includes a voltage divider circuit 40, a 
comparator device 42 having an inverting (-) input coupled to a common node 44 of 
divider circuit 40, and a voltage reference 46 being provided on the non-inverting 
5 input (+) of comparator device 42. 

Voltage divider 40 is configured to include a series circuit of resistors Rl and 
R2 that divides battery pack voltage (Vpack) of each cell of the battery by a ratio 
defined by the values of Rl and R2 as known. The divided down resulting voltage 
("scaled battery pack voltage") is provided as an output on common node 44. 

10 Comparator device 42 configured to accept the scaled battery pack voltage output 44 
on the inverting input (-) thereof The voltage reference block V(ref) 46 includes the 
preselected battery pack threshold Turn-On level (Vton) and preselected battery pack 
threshold Tum-Off level (Vtofr) scaled down in the same fashion as the battery pack 
voltage level (Vpack) by divider circuit 40. 

1 5 Comparator device 42 is configured to compare the scaled battery pack voltage 

level on node 44 with the scaled turn-off threshold voltage level and tum-on 
threshold voltage levels. Switch 32 is responsive to an output signal 48 of comparator 
device 42 to automatically disconnect charger 22 from battery pack 10 via opening 
and/or closing of switch 32, thus eliminating overcharging of battery pack 10. 

20 

Figure 3 A illustrates a waveform output 48 of comparator device 42 and 
Figure 3B shows the battery pack output voltage level. 

As to Figure 2, initially, the scaled battery pack output voltage on node 44 is 
less than the corresponding scaled threshold turn-off voltage reference being provided 
25 by block 46. The comparator output 48 (the "switch control signal") is asserted since 
the voltage on the inverting input is less than that on the non-inverting input. Thus, as 
shown in Figure 3B, the battery pack voltage level is charging (increasing) to a turn- 
off threshold voltage level (Vtoff) while the comparator output 48 is asserted. 

When the battery pack output voltage level exceeds the turn-off threshold 
30 voltage (Vtoff), the switch control signal 48 is discontinued by comparator device 42, 
which causes switch 32 to "open", automatically disconnecting a power charging 
signal firom the cells of the battery pack. This change in state is because the scaled 
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battery pack voltage level on node 44 is now equal to or slightly greater than the 
corresponding scaled turn-off level provided by block 46. 

Thereafter, at point (x) in curve 60 in Figure 3B, the battery pack voltage level 
may relax while the cells of the battery pack are discoimected from charger 22. It is at 
5 this stage whereby the battery pack will reach an internal equilibrium controlled by a 
chemical process of a multi-cell lithium battery pack. Accordingly, the battery pack 
output voltage level diminishes until it reaches the tum-on threshold voltage level 
(Vton). 

At (Vton)> the scaled battery pack output voltage level on node 44 becomes 

10 equal to or less than the corresponding scaled tum-on threshold level, causing 

comparator 42 to assert the switch control signal, thereby automatically connecting a 
charging power signal to the cells of the battery pack via switch 32, allowing the 
battery pack to be charged to the tum-off level (unless control of the charging process 
is regained by chwge controller 34 in the interim time). This is a continuous system, 

15 whereby the protection circuit ensures a certain level of protection irrespective and 
independent of a battery charger used to charge the battery pack. 

As to Figures 3 A and 3B, it warrants noting that the Vtoff level should be 
located above the BCU's normal control range, but below a catastrophic failure 
threshold level. Thus, by the time the invention engages, the battery pack may have 

20 exceeded the desired charge level but not by such a great level as to cause a 

catastrophic failure. Also, since the battery pack would not be charged to the BCU's 
preference, performance (permanent or temporary) may be compromised, although the 
achieving the object of saving the battery pack from catastrophic failure. 

Referring now to Figure 4, a method in accordance with the present invention 

25 will now be set forth. Step 70 determines the battery pack voltage levels. Step 70 
may be performed by the substep of determining a scaled battery pack voltage output 
level using a voltage divider circuit 40, as described in connection with Figure 2. 

At step 72, a tum-off threshold voltage level (Vtoff) is determined. This level 
may be above the normal range otherwise established by a properly operating BCU. 

30 This step may be performed by the substep of determining a corresponding, scaled 
tum-off threshold voltage level which would be scaled in the same maimer as the 
battery pack ouQjut voltage level by voltage divider circuit 40. 



DP-309,346 



9 



At step 74, a turn-on threshold voltage level (Vton) is determined. The turn- 
on threshold level may be selected to allow a suitable relaxing of the battery pack 
before reconnecting charger 22. Step 74 may be performed by the substep of 
determining a corresponding, scaled tum-on threshold voltage level which would be 
5 scaled in the same manner as the battery pack output voltage level by the voltage 
divider circuit 40. 

At step 76, the battery pack voltage level is compared again the turn-off 
threshold level. If the battery pack voltage level is equal to or perhaps exceed the 
turn off threshold level, then the method proceeds to step 78. Otherwise, the method 
10 branches to step 70. Step 76 may be performed by the substep of comparing the 

scaled battery pack output voltage (i.e., output on node 44 from voltage divider circuit 
40) with the corresponding scaled turn off threshold voltage level, as implemented 
with comparator device 42. 

In step 78, the method automatically disconnects the battery pack from the 
15 charger (and thus the charging power signal). The method proceeds to step 80. 

In step 80, the method will automatically reconnect the battery pack to the 
battery charger (and thus the charging power signal) when the battery pack output 
voltage level declines to the tum-on threshold level. This step may be performed by 
the substep of reconnecting when the scaled battery pack output voltage level declines 
20 to the scaled tum-on threshold level. 



